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ABSTRACT
Computing departments in the United States are not producing the
number of graduates that the workforce needs. At the same time,
they lack gender and racial diversity. erefore, it is important
to aract students from minority groups that comprise a signi-
cant part of the US population and can bring an enriching, diverse
perspective to the development of new technology. In this paper,
we study paerns of enrollment and retention among minority
students in a 4-year CS university program in order to beer un-
derstand the challenges for increasing racial and ethnic diversity.
We use student data from three core CS classes with a special fo-
cus on the introduction to programming (CS1) class. We compare
the ethnic makeup of our CS enrollment with that of the student
population at our university, that of the state and with nationwide
numbers, and examine how the ethnic gap changes from an intro-
ductory programming class to an upper level class. We also analyze
how dierent factors such as intent to major, prior experience in
computing, and CS1 grades correlate with student retention.
1 INTRODUCTION
It is a widely known fact that the computing student population in
the United States is not very diverse from a gender and race/ethnicity
perspective [11]. In the current job market, there is a great need
for computer science graduates [16]. With the growing number of
people in minority groups [22], it is important to draw students
from these groups. At the same time, we need diversity among
those who contribute to the production of technology, so that the
needs and preferences of its diverse users are taken into account. A
fair representation of all minority groups in the STEM workforce
is important for economic and scientic development[7].
In her book “Stuck in the Shallow End” [15], Jane Margolis ex-
plores the racial gap in computer science at the high school level.
She asks the question why are there so few students of color in high
school computer science classes, and seeks answers by observing
computer science classrooms in three high-schools and interview-
ing students in these classes and their teachers. She points out
the paradox of access to technology: schools have an abundance
of technology, yet the number of minorities in computer science
classrooms is low. She shows that technology alone is not the an-
swer to bridging the minority gap, but, instead, a combination of
factors need to be addressed, including stereotypes about race and
ethnicity, the lack of access to technology that students of color
have at home, and the lack of extra curricular resources that are
available to these students.
Her conclusions are that students of color have fewer opportuni-
ties to be taught computer science than Asian and White students,
and that the current high school system lters out students without
prior background in computing, which is more likely to be the case
for students of color. White and Asian students are more likely to
have their own computer at home, whereas the students of color
typically have one shared computer, which limits the individual’s
exposure to the Web and programming.
Once they make it to college-level computer science classes, are
students of color dierent than their peers in terms of how many
intend to major in computer science? Are the retention rates in
our computer science major dierent among race/ethnicity groups?
How do a number of factors correlate with retention for these
dierent groups?
Margolis[15] says that the lack of diversity at the college level
is due to a lack of prior experience at the pre-college level. We are
interested in looking at the intersection of ethnicity and factors like
retention and prior experience.
In the following sections, we answer the following research
questions:
• Ethnicity Makeup in CS: What is the ethnic makeup
of our CS students? How does it compare to that of the
nationwide ethnic makeup of college students? With the
recent increase in our CS student enrollments, did the
percentage of minorities change? Do the proportions of
dierent ethnic groups change from the beginning of the
major through to graduation?
• Retention of EthnicMinorities: What are our retention
rates for ethnic minorities (what is the percentage of stu-
dents in each minority group who intend to major at the
beginning of CS1 and end up majoring)? Is there a dier-
ence in intent to major between students who are part of
dierent ethnic groups? How does intent to major change
for our students aer taking CS1? How does perceived dif-
culty in CS1 correlate with students changing their minds
about majoring for dierent groups? Is there a dierence in
computing background among minority groups? Is there
a dierence in grades among minority groups? Is there a
correlation between students’ grades and their retention
rates?
Our main focus is in the context of an introductory programming
class. In studying student retention, previous research [3] has
looked at the proportion of students who leave the CS major aer
each of four core curriculum courses and concluded that most
students leave the major aer the introductory programming class,
CS1. Since we are studying student retention in CS and the factors
that are related to it, we designed our surveys for CS1 students. We
also look at student enrollments in CS1, the follow-up class, CS2,
and one of the classes designed for majors, CS4.
e novelty of our work comes in a few dierent ways. We
combine demographic information, enrollment information (for
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example, what classes our students are taking and what grades
they receive), and survey information to understand how our CS1
class impacts our students. Our study of dierent racial groups
happens in the context of a computing department and is not based
on federal data, or on surveys given just to minority students. We
show that, while there are dierences among racial groups in some
areas, there are many similarities among groups as well.
2 RELATEDWORK
Gender, race, and ethnicity have been studied at all levels of edu-
cation [9, 26]. Our work focuses on ethnicity, since studying our
students’ dierences by both gender and ethnicity would yield
groups that are too small to give us signicant results.
Dierences in opportunities and achievement between Black stu-
dents at Historically Black Colleges and Universities (HBCUs) and
Black students at White colleges have been studied to identify the
ways that relationships to faculty and other resources can be shaped
dierently by institution [14]. Overall, studies on the experiences
of students at minority-serving institutions show that institutions
have tremendous inuence on the persistence of minority students
in elds where they are underrepresented [18, 19].
Most research focuses on how underrepresented groups have
been at a systematic disadvantage in computing upon entry into
college-level computing courses. In addition to Jane Margolis’ book
[15], other research has aempted to address the relationship be-
tween low numbers of women and minority students in computing
and lile prior experience with computing curriculum before col-
lege [2]. Researchers argue that without greater access to computer
science education at the pre-college level, participation rates for
minority students and women will remain low[8, 15].
Another important factor related to the lack of persistence of
women and underrepresented students in computer science is im-
plicit bias. is phenomenon describes the subtle bias that can
aect individuals on an unconscious level even when an individ-
ual consciously rejects negative stereotypes about race or gender
[12, 17, 20].
While barriers for minority students in STEM have been well
studied, there is lile large-scale study of minority students in
computing. Recently, Google and Gallup examined factors that
inuenced students perception of computer science before college
[13]. However, more research is needed to understand the factors
that inuence minority students decision to major in CS at the
college level.
Statistics by gender and ethnicity for higher degrees in com-
puting (MS and PhD) and faculty are also available, together with
nationwide number of students enrolled in computer science ma-
jors broken up by gender and ethnicity, and number of batchelor’s
degrees in computer science by gender and ethnicity[25, 26]. Our
work focuses on students taking undergraduate computer science
classes that count toward the computer science major.
3 METHODOLOGY
Our work analyzes three complementary student data sets. e
rst, called the Course data set, contains enrollment, demographic
information, and grades for all CS classes that can be counted
toward the CS major from the Fall 2012 semester though Fall 2016.
Table 1: Ethnic Makeup of Students at our university.
Ethnicity CS University State CS US All US
Asian 51.1% 26.0% 8.3% 23.2% 6.0%
White 33.6% 41.5% 47.0% 57.7% 55.6%
Latino 7.3% 13.0% 19.8% 9.9% 15.8%
Black 2.9% 7.5% 14.4% 5.6% 13.8%
Other 5.1% 12.0% 10.5% 3.7% 4.2%
e second data set, called Entry Survey, contains students’ answers
to a survey that we gave in CS1 at the beginning of each semester
from Fall 2012 though Fall 2016 with the exception of Fall 2014
and Spring 2015. is survey included questions such as intent to
major in CS and previous computing experience. e third data
set, called Exit Survey, contains our students’ answers to a survey
that we gave at the end of CS1, from Fall 2015 through Fall 2016.
is survey included questions such as intent to major in CS before
and aer taking CS1, how useful various resources were toward
learning class material.
In our analyses, we use the chi-square test with a 5% signicance
level to detect statistically signicant dierence among groups.
4 RESULTS
In this section we show our results and answer the research ques-
tions posed in Section 1.
4.1 Ethnicity Makeup of our CS students
We start by describing the ethnic makeup of the students taking
classes oered by our CS department.1 Specically, Table 1 shows
the ethnic makeup of all students taking CS classes between Fall
2012 and Fall 2016, all students enrolled at our university [1], all
college/university students in the state (including 4-year and 2-year
institutions) [21], all college/university CS students nationwide
[25, 26], and all college/university students nationwide [11] during
the same period. is data shows that our university is highly
diverse, although the percentages of Latino and Black students are
lower and the percentage of Asian students is higher compared
to those for the state and nationwide. In contrast, enrollment in
our CS classes is much less diverse, with percentages of Latino and
Black students being much lower than those for the university as
a whole. Interestingly, Asian students taking our CS classes have
become the majority ethnic group. is high percentage seems
consistent with the fact that the percentage of Asian students at our
university is much higher than those of the state and nationwide.
With the recent increase in enrollments in computing, have the
ethnic gaps stayed the same, or have they widened, meaning that
more students from one or two ethnic groups have chosen to take
computing classes than students from other ethnic groups? In
Figure 1, we see that the percentages of students from underrepre-
sented minorities have stayed about the same in the past few years,
with a slight overall increase in the percentage of Latino students.
While these trends show that we are not gaining grounds in in-
creasing diversity, they are at least encouraging in that we are not
1Here, and for the rest of the paper, we are referring only to CS classes that can be
counted toward the CS major.
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Figure 1: Enrollments in CS1 (for recent Spring and Fall
semesters)
Figure 2: Nationwide Enrollments in Computer Science
(Data from the Taulbee Survey).
losing ground either. We also observe that the percentage of White
students has gone down and the percentage of Asian students has
gone up, increasing the ethnic gap between Asian students and
all other ethnicities. In Figure 2, we show enrollment percentages
from the Taulblee surveys [23–26] for comparison. We observe that,
even though the lines for Asian and White students are ipped,
they follow the same trends: the percentage of Asian students has
gone up, while the percentage of White students has gone down.
us, in general, we can conclude that enrollment in our CS classes
is following nationwide trends.
Do the ethnic gaps widen from the beginning of the major
through to graduation? In Table 2, we show enrollments in four
required CS courses, with CS1 being the prerequisite requirement
for CS2, and CS2 prerequisite for both CS3 and CS4. Further, stu-
dents almost always take CS3 around their sophomore year, while
they tend to take CS4 much closer to graduation. e only statisti-
cally signicant dierence in the proportion of students of dierent
ethnicities are between CS1 and CS4. All other dierences are
not signicant. We thus conclude that the ethnic gaps do increase
as students move from the introductory class toward graduation.
Previous work has shown that the gender gap also widens from
Table 2: Ethnic Makeup of CS students by Course.
Ethnicity CS1 CS2 CS3 CS4
Asian 2580
(52.8%)
1588
(52.8%)
940
(50.7%)
734
(50.8%)
White 1482
(30.3%)
927
(30.8%)
651
(35.1%)
498
(34.5%)
Latino 391
(8.0%)
240
(8.0%)
112
(6.0%)
98
(6.8%)
Black 182
(3.7%)
90
(3.0%)
48
(2.6%)
35
(2.4%)
Multiple 152
(3.1%)
89
(3.0%)
56
(3.0%)
41
(2.8%)
Native Hawaiian 17
(0.3%)
9
(0.3%)
5
(0.3%)
3
(0.2%)
Native American 0
(0%)
1
(0.03%)
2
(0.1%)
0
(0%)
the introductory course to graduation [3], but there is a signicant
drop in the participation of women between CS1 and CS2, a fact
that matches conventional wisdom. In contrast, the ethnic gaps do
not widen suddenly, but, instead, the percentages of students from
underrepresented minorities drop slowly, and it takes the cumula-
tive eect over multiple courses for the drops to reach signicance.
Unfortunately, this means that there is no single point that can be
targeted for a signicant increase in retention.
Due to the small number of students from ethnicity groups other
than Asian, White, Latino, and Black students, we focus only on
these laer four groups in the remainder of the paper.
4.2 Intent to Major
Do students take our CS1 course with the intention of majoring in
CS, and are there dierences between the ethnic groups? Our Entry
survey asks students about their declared or tentative major and
Table 3 summarizes answers. When the ethnic groups are paired
up, the following groups have statistically signicant dierences:
Latino and White, Latino and Asian, Black and Asian. We do not
know why students who do not intend to major in CS take CS1,
as the department has CS courses designed specically for non-
majors, but we are planning to change our Entry survey to nd
out. e fact that the percentages of Latino students (compared to
Asian and White students) and Black students (compared to Asian
students) intending to major in CS1 are signicantly higher seems to
emphasize the importance of oering CS classes before college, and
ensuring access to them for students from underrepresented minority
groups [15], since these students seem to be less willing to explore CS
at the college level.
4.3 Correlation between Intent to Major and
Retention
What are our retention rates for each ethnic group? More speci-
cally, for each ethnic group, how many students who are intending
to major when taking CS1 end up taking CS4, which is a strong
indication that they are pursuing a major in CS?
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Table 3: Intent to major in CS for each ethnic group.
Ethnicity Intend to Major Do not Intend to Major
Asian 877(60.27%) 578(39.73%)
White 581(68.35%) 269(31.65%)
Latino 176(77.88%) 50(22.12%)
Black 57(74.03%) 20(25.97%)
Table 4: Students who intend to major when they start CS1
by ethnicity.
Ethnicity Take CS2 Do not take CS2
Asian 402(78.98%) 107(21.02%)
White 255(71.83%) 100(28.17%)
Latino 77(75.49%) 25(24.51%)
Black 24(77.42%) 7(22.58%)
Table 5: Studentswhodonot intend tomajorwhen they start
CS1 by ethnicity.
Ethnicity Take CS2 Do not take CS2
Asian 154(45.43%) 185(54.57%)
White 83(45.60%) 99(54.40%)
Latino 11(35.48%) 20(64.52%)
Black 3(33.33%) 6(66.67%)
First, we use our Entry Survey data to split up our CS1 students
into groups by whether or not they are intending to major in CS.
en, we use the Course data to determine how many students in
each group go on to take CS2. We show these numbers, partitioned
by ethnicity, in Tables 4 and 5. e numbers in these tables reect
only students who took CS1 in the period from Fall 2012 to Fall
2015, inclusive. ese students have time to take CS2 within 2
semesters aer taking CS1, since our data contains students who
take CS2 during all the semesters up to Fall 2016. e percentages of
students who take CS2 in both tables are higher than those reported
in previous work (around 52% for women and around 65% for men)
[3], possibly because of the recent increase in the students’ overall
interest in majoring in CS [26].
For students who do not intend to major when taking CS1 (Ta-
ble 5), there is a noticeable dierence between ethnic groups in
terms of the proportion of students who take CS2, although not
statistically signicant with the amount of data we currently have.
We will keep exploring this trend as we collect data in the future.
What is interesting here is that a non-trivial percentage of the stu-
dents who do not intend to major end up taking CS2. In our future
work, we plan on surveying these students to nd out the reason
they decided to take our follow-up class. is trend has been re-
ported in the past [3] (around 33% of both men and women who do
not intend to major end up taking CS2), though, in our data, the
proportion of students who do not intend to major and take CS2 is
slightly higher. is observation perhaps represents an opportunity
for recruitment; that is, convince more students who decided to take
Table 6: Students who intend to major when they start CS1
by ethnicity.
Ethnicity Take CS4 Do not take CS4
Asian 126(42.57%) 170(57.43%)
White 93(39.41%) 143(60.59%)
Latino 17(25.37%) 50(74.63%)
Black 7(30.43%) 16(69.57%)
Table 7: Studentswhodonot intend tomajorwhen they start
CS1 by ethnicity.
Ethnicity Take CS4 Do not take CS4
Asian 58(25.78%) 167(74.22%)
White 33(26.40%) 92(73.60%)
Latino 2(8.33%) 22(91.67%)
Black 1(20.0%) 4(80.0%)
CS1, despite originally not thinking of majoring in CS, to explore the
CS major (or minor).
Next, we look at students moving on to CS4. We show the
number of students who intended to major at the beginning of CS1
and ended up taking or not taking CS4 in Table 6, and those who
did not intend to major, in Table 7. e numbers in these tables
were computed using the Course and Entry Survey data from Fall
2012 to Spring 2014, inclusive, to give the CS1 students a chance to
take CS4 by Fall 2016. From our calculations, about 83% of students
who take CS4, take this class within 5 semesters of CS1, so the
ratios of students taking CS4 vs. not taking CS4 may be slightly
skewed.
Overall, the percentages in Table 6 are close to the national
average retention rate of about 40% [10]. e signicant dierences
here are between Asian and Latino and between White and Latino.
e proportion of Latino students who start with the intent to major
and end up majoring is the lowest out of all the groups.
Previous studies have explored reasons why students, especially
from minority groups such as women, leave the computer science
major [4–6]. We ask the question if perceived diculty with CS1
correlates with a change in intent to major in CS. We use the Exit
Survey data from the Spring 2016 and Fall 2016 semesters which
asks students what was their prior level of interest in CS, how they
feel about a CS major “as of today”, and how dicult they perceived
the class to be. In each ethnic group, students are split into those
who changed their mind from intending to major to not intending
to major aer taking CS1 (“Change”) and those who intended to
major both before and aer taking CS1 (“No Change”). For each
group, we show the percentages of students who thought the class
was “1. Much more dicult than expected.”, “2. More dicult than
expected.”, “3. Just as expected”, and “4. Easier than expected.”
(Figure 3) We see that, for each ethnic group, there is a correlation
between perceived diculty of the course and a change in intent
to major aer taking the class.
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Figure 3: Perceived diculty of CS1 (1=”Much more di-
cult than expected”, 4=”Easier than expected”) for students
grouped by whether or not they changed their minds about
majoring aer taking CS1.
Table 8: Prior experience by Ethnicity.
Ethnicity AP Self-learned College None
Asian 145(20.8%) 123(17.6%) 131(18.8%) 299(42.8%)
White 96(20.8%) 111(24.0%) 96(20.8%) 159(34.4%)
Latino 19(16.1%) 21(17.8%) 31(26.3%) 47(39.8%)
Black 10(26.3%) 10(26.3%) 11(28.9%) 7(18.4%)
Other 10(17.5%) 15(26.3%) 13(22.8%) 19(33.3%)
4.4 Prior Experience
What are our students’ prior experiences with computer science
and do they dier among the ethnic groups? We show the break-
down of our students by ethnicity and prior experience in Table 8.
Students with “College” experience have checked an option in our
Entry survey stating that they have taken another college course
prior to CS1. Because of the content of our Entry surveys, we used
data from students who took CS1 during the following semesters:
Fall 2012, Spring 2013, Fall 2013, Spring 2014, and Spring 2016. e
statistically signicant dierences in prior experience are between
the Asian and White and between the Asian and Black groups.
Our data show that the proportion of Black students with ad-
vanced placement (AP) experience is higher than that of Asian,
White, and Hispanic students, but the number of Black students in
our data sets is low and thus dierences may not be meaningful
despite the statistical signicance. We will track this trend in the
future, as we continue collecting data. Our numbers also show
that more White students have taught themselves programming
than Asian students, and a lot more Asian students have no prior
experience than White students. We also note that the percentage
of Black students with no prior experience is lower than that of
any other group. Our ndings seem to reinforce the importance of
Margolis’ ndings [15]: if Black students do not have prior experi-
ence, they are less likely to take CS1. It is interesting to note, however,
Table 9: Continuation Rates by Prior Experience by Ethnic-
ity.
Asian White
Exp. CS2 No CS2 CS2 No CS2
AP 80 (66.1%) 41 (33.9%) 60 (69.8%) 26 (30.2%)
College 42 (43.7%) 54 (56.3%) 34 (50.7%) 33 (49.3%)
Self 55 (59.1%) 38 (40.9%) 56 (67.5%) 27 (32.5%)
None 98 (48.0%) 106 (52.0%) 53 (44.9%) 65 (55.1%)
Latino Black
Exp. CS2 No CS2 CS2 No CS2
AP 9 (52.9%) 8 (47.1%) 4 (50.0%) 4 (50.0%)
College 12 (50.0%) 12 (50.0%) 5 (50.0%) 5 (50.0%)
Self 9 (60.0%) 6 (40.0%) 6 (85.7%) 1 (14.3%)
None 12 (34.3%) 23 (65.7%) 1 (25.0%) 3 (75.0%)
that the same trend is not evident for Latino students, where a high
percentage report no prior experience.
In terms of continuation rates, does prior experience make a
dierence? We show numbers (from Fall 2012 through Spring 2014)
in Table 9. Prior experience makes a dierence in the continuation
rates of our Asian and White students. Even though there is a
visible dierence in continuation rates for our Latino students,
our numbers are two small for them to make a dierence here.
e number of Black students in our data is so low that we cannot
compute the statistical signicance of the dierence in continuation
rates that prior experience makes for them.
e ndings above point to an opportunity for recruiting, that is,
aracting more Black students without prior experience to explore
CS, and retention, but we need to ensure that CS1 has strong support
for students who nd the class to be challenging (see Section ),
especially those without prior experience. While we do not yet have
data, anecdotal evidence indicates that study groups led by more
senior undergraduate learning assistants, which we just recently
instituted, may be eective in helping to address the laer challenge.
4.5 Grades
In this section, we focus on our students’ grades in CS1. We start by
exploring the dierence in grades among students from dierent
ethnic groups and the correlation between our CS1 students’ grades
and whether or not they take CS2.
Table 10 shows counts for our students by the grade they received
in CS1, by whether or not they took CS2, and by their ethnicity.
From the numbers in this table, we can answer the questions above.
Do students from dierent ethnic groups get signicantly dif-
ferent grades in CS1? If we count the number of students in each
ethnic group who get As, B and B+s, C and C+ and Ds and Fs, we
can see that White students get the highest grades, with about 40%
As, and about 38% B and B+s. Asian students follow, with about
35% As and a lile over 38% B and B+s, followed by Latino students
with about 25% As and 42% Bs, and Black students with 18% As,
and almost 49% B and B+s.
For students who get an A, B+ or B in CS1, there is no signicant
dierence between ethnic groups in terms of continuation rates.
For students who get a C or a C+ in CS1, Black students are more
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Table 10: Continuation rates by Ethnicity by CS1 Grades
CS1 Grade = A
Take CS2 Do not take CS2
Asian 416 (57.22%) 311 (42.78%)
White 289 (59.59%) 196 (40.41%)
Latino 38 (53.52%) 33 (46.48%)
Black 10 (52.63%) 9 (47.37%)
CS1 Grade = B/B+
Take CS2 Do not take CS2
Asian 424 (54.29%) 357 (45.71%)
White 230 (49.78%) 232 (50.22%)
Latino 70 (59.32%) 48 (40.68%)
Black 31 (60.78%) 20 (39.22%)
CS1 Grade = C/C+
Take CS2 Do not take CS2
Asian 178 (33.09%) 360 (66.91%)
White 67 (25.09%) 200 (74.91%)
Latino 30 (32.61%) 62 (67.39%)
Black 15 (42.86%) 20 (57.14%)
Table 11: Intent to Major before and aer taking CS1.
Ethnicity Yes to Yes No to No Yes to No No to Yes
Asian 407(71.5%) 70(12.3%) 80(14.1%) 12(2.1%)
White 231(66.0%) 60(17.1%) 46(13.1%) 13(3.7%)
Latino 64(78%) 7(8.5%) 10(12.2%) 1(1.2%)
Black 24(75%) 3(9.3%) 5(15.6%) 0(%)
likely to continue than White students. Dierences between other
groups are not signicant. is result seems to correlate with our
Black students’ stronger desire to major in CS (Section 4.2).
To further explore how the CS1 class aects our students, we
examine ethnic dierences in intent to major before and aer taking
the class and the correlation between grades and change in intent
to major. We use our Exit survey data, which asks students about
their intent to major before and aer taking the class, together with
the Course data to answer these questions.
Our Exit survey asks the CS1 students about their intent to major
before and aer taking the class. We use the students’ answers,
together with their ethnicity information from the Course data set,
to count how many of them change their mind about majoring and
how many do not change their mind (Table 11).
e dierences between ethnic groups are not statistically sig-
nicant, implying that CS1 has the same impact on all ethic groups.
It is striking, however, that we lose students (Yes to No) without
aracting new ones (No to Yes). Further, recall Table2 shows a
signicant drop in the percentage of Latino and Black students by
CS4. us, our curriculum is impacting those students more, but
the numbers are too small to identify where.
Table 12: Student grades for those who change their mind
aboutmajoring vs thosewhodonot change theirmind about
majoring (Fall 2015- Fall 2016).
Asian White Latino Black
Asian 138(71.5%) 34(17.6%) 20(10.4%) 1(0.5%)
White 72(61.0%) 33(28.0%) 9(7.6%) 4(3.4%)
Latino 16(69.6%) 3(13.0%) 4(17.4%) 0(0%)
Black 7(77.8%) 1(11.1%) 1(11.1%) 0(%)
Table 13: Whether or not Students Changed their Mind
about Majoring by Grades by Ethnicity.
Asian White
Grade No Change Change No Change Change
A 209 (44%) 21 (23%) 142 (49%) 12 (20%)
B/B+ 158 (33%) 27 (29%) 84 (29%) 15 (25%)
C/C+ 84 (18%) 30 (33%) 50 (17%) 23 (39%)
D/F 25 (5%) 14 (15%) 13 (4%) 9 (15%)
Latino Black
Grade No Change Change No Change Change
A 22 (31%) 1 (9%) 9 (33%) 0 (0%)
B/B+ 21 (30%) 2 (18%) 6 (22%) 1 (20%)
C/C+ 22 (31%) 3 (27%) 9 (33%) 3 (60%)
D/F 6 (8%) 5 (46%) 3 (12%) 1 (20%)
Do students who change their minds about majoring get dif-
ferent grades than students who do not change their minds about
majoring? For some of our ethnic groups, the numbers are too
small to compute statistical signicance, but for all the groups with
enough students, the grades for the students who do not change
their minds about majoring (who either intended to major before
and aer taking the class or who did not intend to major neither
before nor aer taking the class) are signicantly higher than the
grades of the students who change their minds (both ways) about
majoring. We show these numbers in Table 13.
5 CONCLUSIONS/IMPLICATIONS
Our results beg the question: what can universities do to improve
the recruitment and retention of students from underrepresented
minorities?
As a start, a vital step is understanding why students from all
ethnic groups, but especially minority groups, leave the CS major,
so appropriate interventions can be designed. We plan on following
up with our students by redesigning our CS1 surveys.
Previous work has provided insightful ndings from Historically
Black Colleges and Universities (HBCUs) on how colleges and uni-
versities in general can be more welcoming to Black students [19].
It is known that Black students are less prepared for educational
achievement in STEM than White students [15]. Together with
our ndings, this points to the importance of pre-CS1 activities
or improving support in CS1 for less prepared students, especially
those without prior experience in CS.
6
Racial bias and stereotypes in educators are factors that have
been shown to discourage the participation of students of color in
academia, therefore, they need to be addressed in all environments
that are striving to be more diverse. We plan to study the atmo-
sphere of our CS community with respect to inclusion in the near
future to beer understand and improve our own environment.
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